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(g) Method for producing a large arcuate tank and a tank produced by the method. 
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• A large arcuate vessel is produced by welding 
commercaiiy available large plane metal plates 
(1a, 1b. 1c) together to form a composite plane 
plate blank (1). cutting the composite plane 
plate Wank to a shape adaptable to the desired 
arcuate tank surface, and thereafter shaping the 
plate blank to the required arcuate form prefer- 
ably by heat forming. 
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1 EP 0 570 : 

This invention relates to a method for producing 
a large arcuate tank and to a tank produced according 
to the method. Throughout this specification, the 
term "arcuate" should be taken to mean having the 
form of all or any portion of the surface of a sphere. 5 

The temperature of Liquefied Natural Gas (LNG) 
is about -163°C. This places special demands on the 
choice of material for a tank in which LNG is stored, 
on the design of the tank and on the method used for 
producing the tank. Further, a tank for containing w 
LNG should be self-supporting in order to minimize 
transfer of heat to the contents of the tank. The cross- 
section (e.g. diameter) of a large arcuate LNG-tank is 
about 40 m. A tank suitable for transport and storing 
of LNG is usually also suitable for transport and stor- 1 5 
ing of other fluids, provided that the pressure inside 
the tank is not excessive. Because the use of tanks 
for transport and storing of LNG places stricter de- 
mands, the invention is described in the following 
with reference to the demands placed explicitly by 20 
LNG, but this does not exclude the application of the 
invention to tanks for other suitable fluid contents. 

An LNG-tank is preferably made of aluminium 
plates, because the extremely low temperature does 
not deleteriously affect the strength of aluminium. Al- 25 
ternatively, however, special steel alloys can be used 
for tank panels, but this is noticeably more expensive 
and forming a steel plate to arcuate form is more dif- 
ficult than forming an aluminium plate to arcuate 
form. 30 

Any point on an arcuate surface can arbitrarily be 
designated as a pole. Knowing the radius of curvature 
of the arcuate surface, it is possible to define lines of 
longitude and latitude of the arcuate surface relative 
to the pole. 35 

Planar, rectangular plates suitable for use in the 
construction of arcuate tanks are commercially avail- 
able from various sources. The largest such plate 
available from a particular source will, for conve- 
nience, be referred to herein as a "standard metal 40 
plate". Such a standard metal plate would be made by 
roiling to provide a unitary piece which is essentially 
homogeneous in composition. Even the largest com- 
mercially available standard metal plate suitable for 
construction of an arcuate tank is rather small in size 45 
relative to the surface area of a large arcuate tank. Ac- 
cordingly at least about 100 such standard metal 
plates are typically needed to construct a large arc- 
uate tank. 

Traditionally, a large arcuate tank is assembled 50 
from commercially available standard metal plates by 
cutting each standard metal plate to the desired per- 
ipheral shape to form a plate blank, bending the plate 
blank to arcuate form, and welding the arcuate plate 
blanks together edge-to-edge. This procedure is very 55 
demanding, because it is difficult to ensure that the 
bent plate blanks are of the correct arcuate shape, 
and deviations from the intended arcuate form affect 
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the welding procedure. Furthermore, handling proce- 
dures are noticeably more difficult when dealing with 
an arcuate workpiece than when dealing with a plane 
workpiece. More importantly, however, is thefactthat 
it is difficult to weld arcuate plates together and the 
smaller the plate blanks are, the more welding joints 
there must be between arcuate plates. 

US-A-3938363 discloses a method of forming a 
plate to arcuate form employing a mould that compris- 
es a lower convex die and an upper concave die. In 
accordance with that method, a plate of aluminium al- 
loy is heated to a temperature of about 500°C and is 
placed over the lower die. The upper die is lowered 
onto the hot aluminium plate, and the weight of the 
upperdie causes the plate to be formed to the desired 
curvature. 

The lower die disclosed in US-A-3938363 is con- 
structed of a framework of steel plates defining rec- 
tangular cells, and the cells are filled with a refractory 
compound. The upper surface of the refractory com- 
pound filling the cells of the lower die is screeded to 
arcuate form, the upper surface of the refractory ma- 
terial being approximately 5 cm above the upper 
edges of the steel plates defining the cells. The con- 
cave die is of the same general cell-filled construction 
as the convex die and is made using the convex die 
as a mould. 

One aim of the invention is to reduce the number 
of operations involving handling of arcuate plates 
when assembling large arcuate tanks. 

What constitutes the invention in its broadest as- 
pect is defined in the following claim 1 . 

Desirably, part or all of the largest available stan- 
dard metal plates are welded together in planar form 
to form a considerably larger composite plate. When 
welding the plates (or plate portions) together, con- 
ventional techniques can be used. The area of the 
composite plate is several, preferably at least three, 
times the area of a large standard metal plate. If not 
of the required shape after welding, the composite 
plate is cut to form a large plate blank of which the per- 
ipheral form is such that once it has been bent to arc- 
uate form it will fit the plate pattern selected for the 
arcuate tank without any further cutting. For example, 
the plane plate blank may be made or cut so that its 
edges will define lines of longitude and latitude in the 
eventual arcuate tank, in this fashion, the plate blank 
is adapted to facilitate construction of an arcuate tank. 
Only after the welding together of sub-plates to cre- 
ate the large plate blank is the latter bent into arcuate 
form, whereafter it can be used without further ma- 
chining as a portion of an arcuate tank. In this manner 
the number and length of welding joints necessary for 
welding together arcuate workpieces are reduced no- 
ticeably, which substantially reduces the production 
costs of an arcuate tank. 

If the large plate blank made in the first step is so 
formed, that its length and width are substantially 
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equal, a particularly convenient production method 
results. The result is, of course, dependent on the di- 
mensions of the standard metal plates t so "substan- 
tially equal" may also encompass a difference be- 5 
tween length and width of several metres. It has been 
established as being particularly convenient if the 
large plane plate blank assembled by welding has a 
size of about 100 m 2 Of course, the aim is to produce 
as large a plane plate blank as possible, but if the 10 
plate blank size is substantially larger than 100 m 2 , 
bending it to arcuate form may involve unreasonably 
heavy costs. 

Before curving the large plane plate blank to arc- 
uate form, it may be provided with edge bevellings re- 1 5 
quired to facilitate a later welding phase since such 
edge forming is more easily carried out on a plane 
plate blank than on an arcuate plate blank. 

The shaping of the plane plate blank into arcuate 
form is. tn the case of the preferred aluminium plates, 20 
conveniently carried out by heat forming at a temper- 
ature in the range of 350 to 460°C and more conve- 
niently the forming temperature is in the range 400 to 
430 W C. In tne latter of these temperature ranges, an 
aluminium plate suitable for the construction of an 25 
arcuate tank can be bent into arcuate form in a fairly 
simple device. 

The heat forming may be performed using an 
oven that encloses the large plane plate blank and its 
forming device. The oven is conveniently positioned so 
by lowenng it over the forming device. When the plate 
blank has reached the desired temperature within the 
oven space, it should be kept constantly under form- 
ing pressure for about an hour, preferably for about 
two hours. In this way an effective forming is ach- 35 
ieved and the tensions caused by the forming are ev- 
ened out 

A mould for applying forming pressure to the 
large plane plate blank may be formed of convex and 
concave dies, which serve as forming tools between 40 
which the plate blank is shaped into arcuate form. 
Each die may consist of plates placed on edge to form 
an open grid, in which the edges of the plates forming 
the grid determine the desired arcuate shape of the 
die. It is preferred that each plate of the convex die 45 
and a counterpart plate in the concave die be made 
by cutting an arcuate slot in a single large plate. The 
width of the slot should correspond at least approxi- 
mately to the thickness of the plate blanks that are to 
be bent during use of the mould. The slot in each plate so 
can be interrupted by short bridges which hold to- 
gether the two parts of the plate, at opposite respec- 
tive sides of the slot Two groups of plates can be pro- 
vided, one group to be used as longitudinal plates of 
the two grids and one group to be used as the trans- 55 
verse plates of the two grids. The spacing apart of the 
bridges in the longitudinal plates is conveniently be- 
tween 1 and 2 metres. In the transverse plates the 
spacing is conveniently such that there will be two 



bridges between each two adjacent longitudinal 
plates when the grid has been assembled. The long- 
itudinal plates are conveniently used as such for form- 
ing the grid but the transverse plates are suitably cut 
into pieces for fitting as transverse inserts into the 
grid, each with two bridges in the arcuate slot. The 
slot in each plate is partcircular and each slot has its 
own specific radius of curvature required for giving 
the dies the required arcuate shape. The bridges can 
be quite short, each about 3 cm long. 

The longitudinal and transverse plates are as- 
sembled to form a grid and are welded together at 
each of the grid's intersections. The bridges are then 
cut, thereby separating the grid structure into a grid 
for a convex die and a grid for a concave die. In this 
manner, a perfect mutual fit of the two dies is ach- 
ieved, and very little plate material goes to scrap. It is 
important that the means forforming the plate blanks 
is not made so expensive that the costs of the means 
add substantially to the costs of the arcuate tank, thus 
offsetting the saving that arises from reducing the 
length of welding joints which are needed between 
arcuate plates. 

A forming die produced in this manner is relative- 
ly inexpensive, because the desired arcuate form is 
created by cutting a relatively small number of plates 
along an arcuate curve, which is quite an easy proce- 
dure. The pitch of the die grid may be relatively large. 
For instance, the distance between the plates may be 
over half a metre. In the regions of the die at which at 
least one edge of the large plate blank will be located, 
it is advisable to arrange, at least on the arcuate face 
of the concave die, an additional support member 
that does not conform to the grid pattern of the die but 
spans across the interstices in the grid, because 
otherwise the said at least one edge region of the 
plate blank may not be formed effectively and uni- 
formly enough, but may be left slightly undulating, 
which is a considerable disadvantage when the plate 
blanks of arcuate form are to be joined together by 
welding. 

Generally, the required forming force can easily 
be produced by means of gravitational forces due to 
the weight of the upper die. Should this weight be in- 
adequate, additional weight can be added during the 
forming phase or one may use, for instance, hydraulic 
means for increasing the downward directed force. 
Using additional weight is, however, a simple and in- 
expensive solution. If additional weights are used, it 
is convenient to arrange for the additional weights to 
be located outside the oven space and to act on the 
upper die from there. In this way no heat energy is 
wasted in warming up the additional weights, and fur- 
ther, the forming force can easily be controlled from 
outside the oven space. Further, since the mould and 
the plate are heated concurrently in the oven, it is 
easy to ensure that the plate is at a uniform temper- 
ature when the forming force is applied. Moreover, 
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the undesirable possibility of local cooling of the plate 
due to its being brought into contact with a relatively 
cold die is avoided. 

The invention also relates to an LNG-tank or the 
like which is produced by applying the described 
methods. 

The invention will now be further described, by 
way of example, with reference to the accompanying 
drawings, in which: 

Figure 1 schematically shows a mould and how a 

large plate blank that is to be bent to arcuate form 

may be positioned in the mould, 

Figure 2 schematically shows the mould in an 

oven space, 

Figures 3A, 3B and 3C illustrate constructional 
features of the mould, 

Figure 4 illustrates a production line for heat- 
shaping large plate blanks to arcuate form, em- 
ploying both a forming oven and a cooling oven, 
Figure 5 is a plan view of a die used in the cooling 
oven of Figure 4, and 

Figure 6 is a sectional view taken on the line VI- 
VI of Figure 5. 

In the drawings, numeral 1 indicates a large com- 
posite plate blank assembled by welding together 
three standard metal plates 1a, 1b and 1c. The plate 
blank 1 is shown in the drawing with an elongated 
shape, but this is only because the preferred, almost 
squara shape, is more difficult to show in perspective. 
The plate blank 1 is destined to later form part of a 
spherical surface, and therefore its edges 2 are slight- 
ly curved. The edges 2 of the plate blank are ma- 
chined, typically bevelled, to form a suitable groove 
for a weld joint that will be formed in a later welding 
operation. 

Above the plate blank 1 is an upper die 3 with a 
concave lower surface and below it is a lower die 4 
with a convex upper surface which is supported by a 
plane base (not shown). The upper die 3 is moved into 
position by a crane and during this transfer the plate 
blank 1 is supported by supporting beams 5 depend- 
ing from the upper die 3. After the forming operation, 
the curved plate blank 1 is lifted up by means of the 
same supporting beams. The supporting beams 5 are 
received in apertures 6 in the upper surface of the 
lower die 4 so that they do not interfere with the shap- 
ing of the plate blank 1. 

Several guide posts 7 are located around the low- 
er die 4, for guiding the upper die during a pressing 
operation. Some of the posts 7 have a releasable sup- 
port element 8, which temporarily supports the upper 
die 3 in a first positioning stage. During this stage, the 
plate blank 1 rests on top of the lower die 4 without 
load. Next, an oven, described in more detail with ref- 
erence to Figure 2, is placed with a crane over the 
dies 3 and 4 and the plate blank is heated. When the 
required forming temperature has been uniformly at- 
tained overthe plate blank 1 , the supporting elements 



8 are released, whereby the weight of the upper die 
3 is freed to act on the plate blank 1. Should this 
weight not be sufficient to achieve the required form- 

5 ing operation in a reasonable time, the upper die may 
be loaded with additional weight, which could be, for 
instance, one or more steel plates which are placed 
on loading posts 9 attached to the die 3. 

As shown in Figure 1, the dies 3 and 4 are each 

10 made from a grid of plates so that the respective con- 
cave and convex edges of the grid walls 1 3 determine 
the required part-spherical form. Aforming die built in 
this way, where the pitch of the grid walls 13 is of the 
order of half a metre, is not very expensive in spite of 

15 its large dimensions. Because the die grid will not nor- 
mally precisely correspond to the dimensions of the 
plate blank, additional supporting members 10 are 
needed, at least in the concave die 3, to define at 
least one of the edge regions of the plate blank 1. 

20 Figure 2 shows the oven 11 located overthe dies 

3 and 4. The oven can be a simple thermally insulated 
box-like construction provided with necessary heat- 
ing devices. The load posts 9 of the upper die pass 
through clearance holes in the top of the oven so that 

25 any additional weight 12 that is eventually placed on 
them is transmitted through the top of the oven al- 
though the additional weight remains outside the 
oven space. Using the load posts 9, the upper die 3 
can be raised and lowered while it is in the oven 

30 space, which is necessary in order to release the sup- 
porting elements 8 and lower the upper die 4 into its 
forming position. Figure 2 shows one supporting ele- 
ment 8 on one guide post 7 of the lower die in its re- 
leased position, in which it is not supporting the upper 

35 die 3. 

Figures 3A, 3B and 3C show how the mould may 
be constructed from two sets of plates, longitudinal 
plates 20 and transverse plates 21, each provided 
with an arcuate slot 24. The slots 24 are each inter- 

40 rupted by short bridges 26 at spaced intervals therea- 
long. The width of each slot 24 corresponds approx- 
imately to the thickness of the plate blank that is to 
be bent using the mould. 

The transverse plates 21 are cut into transverse 

45 inserts 21a, each having two bridges 26 in their arc- 
uate slot 24. The longitudinal plates 20 and the inserts 
21a are fitted together to form a grid within an outer 
enclosure defined by plates 28 also provided with the 
same kind of arcuate slot 24. The plates 20 and the 

50 inserts 21a are securely welded together at each of 
the grid's intersections 23 and the bridges 26 are then 
cut separating the grid into two portions that form the 
basis for the concave and convex dies respectively. 
In the production line shown in Figure 4, a sepa- 

55 rate cooling oven 30 is arranged in line with a forming 
oven 11 generally of the type shown in Figure 2. The 
two ovens are stationary and each has two sliding 
doors 34 at opposite respective ends. Two concave 
upper dies 3a, 3b are located in the forming oven 11 
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and the cooling oven 30 respectively. The corre- 
sponding convex dies 4a and 4b are mounted on re- 
spective transport carriages 32a and 32b which are 
each connected to a respective driving cable running 5 
in a loop from one of two winding drums 33 over a pul- 
ley (not shown) and back to the respective drum 33. 
Each carriage is driven backwards and forwards into 
and out of the oven(s) by the respective winding 
drum. Each oven is provided with a mechanism for 10 
raising and lowering the concave die and for raising 
and lowering the plate blank relative to the convex 
die. The dies are each about 12 m by 9 m when viewed 
in plan with the grid plates at a pitch of about 60 cm. 

In operation of the production line illustrated in 15 
Figure 4, the first plane plate blank is placed on the 
convex die 4a carried by the carriage 32a, and the die 
4a and the plate blank are moved into the oven 11. 
The plate blank is bent to part-spherical form in the 
manner described with reference to Figures 1 and 2, 20 
the concave die 3a is raised and the formed plate is 
lifted from the convex die 4a by use of supporting 
beams, as described with reference to Figures 1 and 
2. The carriage 32a with the die 4a then returns to its 
initial position and the carriage 32b with the die 4b, 25 
which is identical to the die 4a, takes its place inside 
the oven 11. The formed plate blank is lowered onto 
the convex die 4b and the carriage 32b carries the 
die 4b and the formed plate blank into the cooling 
oven 30, where the plate blank is pressed between 30 
the concave die 3b and the convex die 4b during con- 
trolled cooling for about two hours. The concave die 
3b is then raised and the carriage 32b carries the 
convex die 4b and the cooled, formed plate blank 
from the cooling oven 30. During the cooling of the 35 
first plate blank in the cooling oven, a second plate 
blank is bent to arcuate form in the forming oven 11 
by use of the dies 3a and 4a. 

Air supply ducts 36a, 36b and 36c are installed in 
one wall of the cooling oven 30, and air is delivered 40 
to these ducts by means of fans (not shown) through 
controllable throttles 46a, 46b and 46c. The air supply 
ducts are each 250 mm in diameter and the air flow 
through each air supply duct is about 1 cubic metre 
per second. When the carriage 32b is positioned in 45 
the oven 30, the ducts 36a, 36b and 36c register with 
extension ducts 48a, 48b and 48c. respectively (250 
mm diameter), which extend through passages 
formed in the die 4b by holes 38 in the grid plates. The 
ducts 48a, 48b and 48c are connected to further air so 
distribution ducts 36d of 200 and then 125 mm diam- 
eter. Each duct 36d extends generally horizontally 
and passes through at least one cell of the die 4b, and 
is provided with a vertical outlet tube 36e (50 mm di- 
ameter) in each cell through which it passes, as 55 
shown in Figure 6. 

The outlet tubes 36e debouch below the formed 
plate, and each is provided at its upper end with a 
spreading member 44 for distributing the flow of air 



leaving the outlet tube. Air escapes from the lower die 
4b through the holes 38 and is vented to atmosphere. 
The three duct systems, connected to the ducts 36a, 
36b, 36c respectively, are separate and separately 
controllable. Arrows 42 show the air flow direction. 

Controlled cooling means that the cooling is con- 
trolled in response to the temperature of the plate 
blank. Thus, temperature probes are provided for con- 
tinuously measuring the temperature of the plate at 
selected measurement points 40, and at each meas- 
urement point 40, the temperature is measured sep- 
arately on each of the two opposite sides of the plate 
1. Operation of the fans for supplying air to the lower 
die is controlled in response to the temperature val- 
ues determined, so that the temperature at each 
measurement point follows a selected function of time 
during the cooling operation. Normally, three double- 
sided temperature measurement points are suffi- 
cient, one in the central area of the plate and one 
each at two diagonally opposite corner areas, as 
shown by the numerals 40 in Figure 5. 

The production line shown in Figure 4 provides 
the advantage that the forming oven 11 and the die 
3a are not cooled when the plate blank is cooled, and 
accordingly energy for heating the oven 11 and the 
die 3a is saved. By holding the blank in the proper 
part-spherical shape during controlled cooling, it is 
ensured that the blank will remain of the proper shape 
when the holding force is removed. 

The invention is not limited to the method that 
has been described and explained, since several 
modifications thereof are feasible within the scope of 
the following claims. For example, the invention is not 
restricted to the entire tank being spherical and may 
be applied to a tank composed of two hemispherical 
portions joined by a cylindrical portion. 



Claims 

1. A method for producing a large arcuate tank suit- 
able for LNG-storage by welding together arcuate 
plates, characterised in that a plane plate blank 
(1) is created by welding together plane standard 
metal plates, or portions of such plane plates (1 a, 
1b, 1c) to form a composite plane plate of which 
the area is substantially greater than that of a sin- 
gle standard metal plate, cutting the composite 
plate to give it a peripheral shape suitable for 
adaptation to an arcuate surface and thus form a 
composite plane plate blank (1) and thereafter 
forming the composite plane plate blank (1) to an 
arcuate form usable as such as a portion of the 
arcuate tank. 

2. A method according to claim 1 , characterised in 
that the composite plane plate blank (1) has a 
length and width that are substantially equal. 
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3. A method according to claim 1 or 2. character- 
ised in that the composite plane plate blank (1) 
has an area of about 100 m 2 . 

4. A method according to any one of the preceding 
claims, characterised in that before the compo- 
site plate is formed into arcuate form, it is provid- 
ed with edge bevellings or the like that facilitate 
a later welding stage in the production of the tank. 

5. A method according to any one of the preceding 
claims using aluminium plates (1a, 1b, 1c) for the 
composite plane plate blank (1), characterised 
in that the forming of the composite plate into 
arcuate form is carried out by heat forming at a 
temperature which is in the range 350 to 460°C, 
preferably in the range 400 to 430°C. 

6. A method according to claim 5, characterised in 
that the heat forming takes place in an oven 
space (11 ). in which the composite plate is, when 
the required forming temperature has been at- 
tained, held under forming pressure for about one 
hour, preferably for about two hours. 

7. A method according to claim 5 or 6, character- 
ised in that the composite plate is heat formed 
between a convex die (4) and a concave die (3), 
each o- which has the general form of an open 
grid, the edges of the grid walls (13) determining 
the desired forming shape. 

8. A method according to claim 7, characterised in 
that in each die adjacent grid walls (1 3) are about 
half a metre apart 

9. A method according to claim 7 or 8, character- 
ised in that in a position corresponding to atleast 
one edge area of the composite plate there is, at 
least in the concave die (3), an additional support 
surface (10) extending across the interstices of 
the grid defining the die. 

10. A method according to any of claims 5 to 9, char- 
acterised in that the required forming force is 
accomplished by using gravitational forces gen- 
erated by virtue of the weight of the upper die (3) 
possibly augmented by an additional weight- 
loading (12) of the die. 

11. A method according to claim 10, characterised 
in that the additional weight-loading (12) of the 
upper die (3) is effected by weights located out- 
side the oven space (11). 

12. A method according to any one of claims 5 to 11 , 
characterised in that following heatforming, the 
composite plate (1) is cooled while subjected to 



pressure between a concave die (3b) and a con- 
vex die (4b): 

5 13. A method according to claim 12, characterised 
in that the cooling is effected in a cooling oven 
(30) disposed downstream of an oven space (11), 
in that each oven has its own convex die (4a, 4b) 
and in that the convex die (4b) for the cooling 

10 oven (30) moves into the oven space (11) to col- 

lect a hot formed composite plate (1) therefrom. 

14. A method according to claim 12 or claim 13, char- 
acterised in that the or each convex die (4) is lo- 
ts cated on a carriage (32) and in that a composite 

plane plate for heat forming is located on a hot 
convex die (4a) upstream of the oven space (11) 
and is carried into the oven space on said car- 
riage-mounted convex die (4a). 

20 

15. A method of manufacturing a mould suitable for 
use in any one of claims 1 to 14 for forming a com- 
posite plate to arcuate form, characterised in 
that said method comprises 

25 (a) providing first and second sets of mould 

plates (20, 21), each mould plate being 
formed with an arcuate slot (24) having slot- 
interrupting bridges (26), whereby the slot ef- 
fectively divides each plate (20, 21) into a first 

30 portion, towards which the arcuate slot (24) is 

convex, and a second portion, towards which 
the arcuate slot is concave, 

(b) fitting the first (20) and second (21) sets of 
plates together as a grid, the plates (20) of the 

35 first set being substantially parallel to each 

other and the plates (21) of the second set be- 
ing substantially perpendicular to the plates of 
the first set, the plates being positioned such 
that the slots (24) lie on the same arcuate sur- 

40 face, 

(c) securing the plates (20, 21) together, and 

(d) removing the bridges (26) from the slot 
(24) of each plate (20, 21). 

45 



50 



55 
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